Given rapid globalization of the economy, engineers who are both innovative and entrepreneurial will be in high demand. As a result, entrepreneurship has become one of the fastest growing academic areas in engineering education. Yet, we understand little about what engineering students actually know or learn regarding entrepreneurship within an engineering curriculum. To address this issue, we have devised a multi-institution pilot study using the Entrepreneurship Knowledge Inventory (EKI), a tool that measures students' familiarity with fundamental entrepreneurship concepts and terms. The pilot study was conducted across six engineering schools and focused on identifying differences between freshmen and senior students relative to their self-reported knowledge of technology entrepreneurship terms and concepts. Also investigated were knowledge differences between senior engineering students with and without past entrepreneurial educational experience. Results found statistically significant differences between freshmen and senior engineering students in certain content areas, as well as between engineering seniors with experience versus those students without any entrepreneurship experience. These findings suggest that knowledge gaps exist among graduating engineering students, and identify areas for improvement in specific areas of entrepreneurship education.
Introduction
Innovation and technology-based entrepreneurship has been and will continue to be a key to the United States' success in the global market. Although the United States has demonstrated the innovative capabilities to lead the global market in design, that lead is beginning to wane as other countries catch up. Now the weakening of the global economy combined with the economic downturn in the U.S. has underscored, through a series of blue ribbon panels and government reports (Lieberman, 2004; National Science Board, 2004; Kirk, 2008) , a growing need to improve our "innovation infrastructure" and, in doing this, refocus the human capital in engineering. The last decade has first seen rapid increases in outsourcing of high technology manufacturing, followed by the movement of high-end jobs overseas (National Academy of Engineering, 2004 ). This has led to an equally rapid development of the industrial and educational capabilities of a number of previously less developed countries including Brazil, Russia, India and China (the BRIC countries). This trend of outsourcing jobs accelerated not only due to lower wages in countries overseas, but also because often, as we are learning, workers have been better educated in the math and science skills needed for high technology work. In addition, young entrepreneurs overseas are becoming less satisfied with building what U.S. engineers have designed. Instead, they now aspire to be the originators of the next innovation wave. This trend is already putting increased pressure on U.S. global leadership in innovation. Indeed, one recent report suggests that the U.S. has now dropped to 10 th on a global innovation scale (INSEAD and World Intellectual Property Organization, 2012) . In response, there are now calls for the United States to produce "a new type of engineer, an entrepreneurial engineer, with a broad range of skills and knowledge, above and beyond a strong science and engineering background" (National Academy of Engineering, 2004) . As a result, a diverse range of courses and programs in entrepreneurship for engineering students are now being offered. Yet little has been done to define what constitutes appropriate content or to assess the degree to which these educational experiences have resulted in their intended purpose: students acquiring entrepreneurship knowledge, skills and attitudes. Herein lies the motivation for our work.
Objective
In light of the innovation-driven knowledge economy and the key role that entrepreneurial activity plays, entrepreneurship courses are now offered to engineering students in at least 335 (Shartrand et al., 2010) of the country's engineering schools and programs: roughly 12% of which are being offered within the engineering schools. Despite the widespread need for entrepreneurship within engineering curricula, no formal research has been conducted on the body of knowledge for technological-based entrepreneurship. Also few studies have examined the extent of a student's attainment of technological entrepreneurship-based knowledge and skills.
The objective of this particular research is to study what engineering students know about entrepreneurship at two points in their program -as freshmen and as seniors. In addition, we wish to identify those aspects of the educational setting that best relate to student learning of entrepreneurial knowledge, skills, and thinking. There are a number of assessment instruments arising in engineering education to measure various aspects of entrepreneurship (Duval-Couetil, 2010; Lucas et al., 2009; Ragusa, 2011; Shinnar et al., 2009; Zappe et al., in press ). To achieve the particular objective of this research, two tools (Shartrand et al., 2008) have been created to measure students' familiarity with key entrepreneurial terms and concepts, and to examine students' "entrepreneurial mindset" as reflected in a written response to a hypothetical technology-based company scenario. The first tool, which is the focus of this paper, is the Entrepreneurship Knowledge Inventory (EKI). This inventory was initially designed to measure self-assessed entrepreneurial knowledge of students enrolled in entrepreneurship-based engineering courses and programs at six Midwestern engineering schools. The items were initially based on a taxonomy developed under funding by the NCIIA -Institutionalizing Entrepreneurship at Primarily Undergraduate Institutions (PUIs) (PUI E'ship Project, 2005) . The survey asks engineering students to indicate their level of familiarity with technology entrepreneurship terms and concepts. It is designed to be administered at both the beginning of an entrepreneurial course or program and toward the end of their educational experience(s). The inventory takes approximately 20 minutes to complete.
A second tool, which is used in the larger research study, is the Entrepreneurial Mindset Rubric. We believe that "entrepreneurial mindset" is different than "entrepreneurial content knowledge and skills." Much has been articulated about the meaning of "mindset"; and certainly there is a fine line between what is "teachable" and what is inherent to a student's personality. Considering those characteristics unique to "technical entrepreneurship" that can be influenced in engineering education, we adopted three constructs from the "Entrepreneurial Orientation Scale" by Covin and Slevin (1989) . This highly researched questionnaire includes eight items that load on three constructs (Kreiser et al., 2002) : product market innovation, proactiveness of decision making, and risk taking.
Although the focus of this paper is on the EKI, data collected from both instruments highlight important aspects of entrepreneurial knowledge that can be used by engineering educators to measure and evaluate the impact of entrepreneurial programs and courses on students.
Methodology
The Entrepreneurship Knowledge Inventory (EKI) was developed as a tool to assess students' familiarity with entrepreneurial terms. The inventory consists of 105 items, grouped into five areas: 1) Becoming and Being an Entrepreneur, 2) Finance and Accounting, 3) People and Human Resources, 4) Sales and Marketing, and 5) Product Ideation and Development. It was piloted on undergraduate engineering students enrolled in entrepreneurship courses at ten engineering schools. The participating students were from the various engineering majors. For each item, students were asked to rate their familiarity with a particular term using a 5-point categorical scale, as shown in Table 1 . Using this initial pilot data, a factor and reliability analysis was conducted and applied to the data for verification. This analysis consisted of three necessary steps: a principal components extraction method, Varimax rotation, and Kaiser normalization (Kim and Mueller, 1978) ; as a result, the 105 items were clustered into twelve factors shown in Table 2 . See reference 12 for details regarding instrument development. In addition to the freshman-senior engineering comparison, we compared differences between senior engineering students with and without entrepreneurial experience (actual and educational).
In addition to the EKI items, survey respondents completed a series of questions about their background, including demographics and experience with entrepreneurship. Questions about entrepreneurship experience addressed prior business ownership, participation in entrepreneurship courses, certificates and minors, participation in other campus resources to support entrepreneurial learning, including entrepreneurship centers, student clubs, mentoring programs, internships, and workshops. Table 3 presents students' reported levels of participation in each type of entrepreneurship experience. While the table shows general types of experiences, actual surveys were customized for each institution and presented the actual names of programs. 
Internships and Field Experiences Listing provided
The degree of entrepreneurship experience was determined as follows. Students with business ownership experience were categorized as "experienced." Students with two "High" responses (according to Table 3 ) were also categorized as "experienced." Based on the pilot sample, 19 of the 95 senior engineering students who took the EKI were categorized as "experienced"; the remaining 76 were categorized as "inexperienced." After categorization was completed, hypothesis testing was applied to each individual item (i.e., familiarity with terms) as well as to the factors delineated in Table 2 . This analysis determined whether significant differences existed between experienced and inexperienced senior students.
Results

Comparing Freshman Engineering and Senior Engineering Students: Factor and Item Analysis
Given the clustering of twelve identified factors into the five subject areas, shown in Table 2 , a second set of hypotheses were tested on the twelve factors. Six factors were found to be significant (α=0.05), as shown in Table 4 . For each of these factors a Bonferroni adjustment for multiple comparisons was applied to the number of items in that particular factor (α=0.05). The purpose of the application of the Bonferroni α is to protect against Type I error when conducting a series of statistical tests. This resulted in a list of items considered significant within each of these factors (i.e., those significant items had a p-value smaller than the Bonferonni α), as indicated in Table 5 .
As noted, the subject area of "Financing & Accounting" has substantially more items, implying that engineering students do acquire this knowledge and/or gain experiences during their undergraduate career such that they have a better understanding of this topic area. In fact, on average 40% of the freshman indicated "None" (Never heard of it) or "Low" (Heard of but not sure what it means) for the terms in the finance and accounting category. In addition, engineering students are gaining more understanding of stakeholder identification, product life cycle and economies of scale, as well as SWOT analysis and concept selection. Hence, whether it is due to the engineering curriculum or personal experience, engineering students are graduating with some basic knowledge of entrepreneurship.
Comparing Engineering Seniors with and without Entrepreneurship Experience
Given the relatively low number of seniors (i.e., 19 with experience; and 76 without experience) in the pilot study, hypothesis testing was applied to each term using an α = 0.10. Table 6 list items that show significant differences between students with and without experience and their corresponding p-values. In all cases, as expected, senior engineering students with entrepreneurship experience had higher scores on these items than those who did not.
M. Besterfield--Sacre, N. O. Ozaltin, A. Robinson, L. Shuman, A. Shartrand, and P. Weilerstein As noted in Table 6 , experienced seniors reported greater knowledge of several items related to "Becoming and Entrepreneur." Notably, they reported greater knowledge of business incubators, the term social entrepreneurship, partnering and role models in entrepreneurship. Additionally, seniors with entrepreneurship experience reported higher levels of familiarity with venture capital, bootstrapping and market identification target market, compared with their nonexperienced counterparts.
In looking at the data, it is worth noting that engineering students, regardless of their level in school and experience, indicated low ratings for "Sales and Marketing" terms. Approximately 64% of all the students suggested they had "None" to "Moderate" knowledge of this area. Yet marketing is particularly important; the literature indicates that marketing is a key aspect of innovation, a factor important in entrepreneurship.
Discussion
In coming decades, entrepreneurial engineers will be in even greater demand. Engineering educators and administrators will need to keep pace by offering opportunities to acquire entrepreneurial knowledge and experience. We believe that through the use of a simple tool such as the EKI, engineering educators can better assess engineering students' knowledge and skills related to technology entrepreneurship as they progress through their programs of study. Given the findings of this pilot study, we discuss potential ways this tool and the research can be used to help improve entrepreneurship education for engineers.
According to this pilot study and statistical analysis, differences exist between freshmen and senior engineering students, indicating that the general engineering curriculum may be helpful in introducing several important terms and concepts contained in the EKI. Certainly, the analysis shows that in the area of Financial and Accounting, several items were significantly higher for seniors than freshmen (i.e., core finance, funding and reporting). In some cases, these concepts may often be taught in existing courses and/or are routinely attained over an undergraduate career. However, the comparison between senior engineering students with and without experience definitely indicates areas where specific entrepreneurial experience can impact an engineering student's knowledge.
Further, because the EKI is designed to measure a student's familiarity with technology entrepreneurship terms and concepts, it can be used to assess progress in engineering and technology focused entrepreneurship programs. Using this tool, educators can quantify familiarity with concepts and topics both prior to and upon completion of their engineering programs. Notably, this tool measures students' self-assessed knowledge. It is not a direct measurement of the actual skills and knowledge a student might exhibit in the work place. However, the results described here, though preliminary in nature, demonstrate a tool for tracking and assessing student knowledge in entrepreneurship.
The next step in this research is to investigate the relationship between engineering students' perceived acquisition of entrepreneurship knowledge and the instructional practices of entrepreneurship faculty who teach these engineering students. That study is nearing completion.
